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(57) Abstract: A cyclonic fluid separator for separating condensable, liquid and/or solid components from a fluid mixture comprises 
an upstream fluid inlet section in which the fluid mixture is accelerated to a supersonic velocity to expand and cool the fluid mix- 
ture such that one or more condensable fluid components are liquefied and/or solidified, a downstream separation section in which 
condensables depleted and condensables enriched fluid fractions are separated and fed into separate outlets, and a midstream vortex 
generation section which comprises a plurality of tilted wings of which the wing tips (5A,5B)are located at relatively large mutual 
spacings (D) and at a small spacing (S<0.2 W) from the inner wall of the midstream vortex generation section such that during normal 
operation of the separator adjacent to the various wing tips widely spaced vortices 6A,6B of swirling fluid are generated in the fluid 
stream flowing through the housing, which vortices 6A,6B are still separated from each other at the entrance of the downstream 
separation section. 
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CYCLONIC FLUID SEPARATOR . 

BACKGROUND OF THE INVENTION 

The present invention relates to a cyclonic fluid 
separator for separating one or more condensable, liquid 
and/or solid components from a multi component fluid 
mixture . 

Such a cyclonic fluid separator is known from 
European patent application 04 96128 and from 
International patent application WO99/01194. 

The cyclonic fluid separators known from these prior 
art references comprise an upstream inlet section in 
which the fluid is accelerated to a supersonic velocity 
and cooled, a midstream vortex generation section in 
which one or more tilted wings generate a vortex in the 
accelerated cold fluid stream and a downstream separation 
section in which condensables enriched and condensables 
depleted fluid fractions are separated and fed into 
separate fluid outlet conduits- The acceleration of the 
fluid stream in the inlet section to a supersonic 
velocity causes the fluid to expand and rapidly cool to a 
temperature well below 0 degrees Celsius such that one or 
more condensable components, for example aqueous and 
C5 + -hydrocarbon components, condense and/or solidify. The 
vortex generated by the tilted wing or wings in the 
cooled fluid stream causes the mixture of cold gaseous 
fluid components and a mist of condensed liquefied and/or 
solidified components to swirl around in the tubular 
midstream section of the tubular separator housing, 
whereby centrifugal forces create near a downstream end 
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of the midstream section a condensables enriched fluid 
mixture 'near the outer circumference of the interior of 
the tubular midstream section and a condensables depleted 
fluid mixture near a central axis of the tubular 
midstream section. The swirling fluid mixture 
subsequently flows from the midstream section into a 
separation section in which a tubular vortex finder is 
centrally arranged such that .the condensables depleted 
fluid mixture flows into the interior of the tubular 
vortex finder and the condensables enriched fluid mixture 
flows into an annular space between the outer surface of 
the tubular vortex finder and the inner surface of the 
separation section of the separator. 

Soviet patent specification SU 1768242 discloses a 
tubular cyclonic separator in which a fluid is fed into 
an annular nozzle in which a vortex is generated by a 
series of vanes, which extend between a central body 
within the nozzle and the tubular housing of the 
separator. Said central body has a larger cross-sectional 
circumference downstream of the vanes, such that a throat 
is created where the fluid is accelerated to a supersonic 
velocity and thereby expanded and cooled such that 
condensable components condense and/or solidify and a 
condensables enriched fluid stream is separated from the 
swirling fluid mixture via one or more outlet openings in 
the tubular separator housing 

The known cyclonic fluid separators are able to 
separate a significant portion of condensable components 
from a fluid mixture and the present invention aims to 
further increase the separation efficiency of cyclonic 
fluid separators. 
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SUMMARY OF THE INVENTION 

- The cyclonic fluid separator according to the 
invention comprises an upstream fluid inlet section in 
which the fluid mixture is accelerated to near sonic or 
5 supersonic velocity to expand and cool the fluid mixture 

such that one or more condensable fluid components are 
liquefied and/or solidified, a downstream separation 
section in which condensables depleted and condensables 
enriched fluid fractions are separated and fed into 

10 separate outlets, and a tubular midstream vortex 

generation section comprising a plurality of tilted wings 
(see also fig 2) having wing tips that are located at a 
spacing S less than 0 . 2W from the inner surface of the 
tubular midstream vortex generation section , which has 

15 an internal width W in the region of the wing tips. The 

fluid fed to the cyclonic fluid separator might also 
contain liquid or solid particles to be separated in the 
downstream separation section. 

It has been found that adjacent to the tip of each 

20 wing a vortex is generated and that adjacent to the 

various wing tips that are widely spaced from each other 
vortices are generated, that are also widely spaced from 
each other. Said vortices also swirl in helical paths 
around each other. Thus the centers of rotation of the 

25 various vortices form helical lines, which gradually 

commingle and converge towards a single vortex, which has 
a center of rotation at or near the central axis of the 
tubular housing. 

It has been found that the presence of various widely 

30 spaced vortices generated at the widely spaced wing tips 

of the cyclonic fluid separation cyclone according to the 
invention significantly enhances its separation 
efficiency. 
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The entrance of the tubular vortex finder may have an 
oval or corrugated shape, which is adapted to the 
contours of the vortices at the location of said 
entrance . 

5 The wings may be delta shaped and protrude from an 

inner surface of the midstream tubular vortex generation 
section. This vortex generation section may be located 
downstream of a throat section in which the fluid is 
accelerated to a supersonic velocity and thereby expanded 

10 and cooled and upstream of a corrugated tubular vortex 

finder which separates the cooled gaseous phase from a 
cooled condensables enriched phase. It is preferred that 
the delta shaped wings span a majority of the width of 
the tubular midstream vortex generation section, such 

15 that the cross-axial distance between the root and tip of 

each wing is more than 0.8W and that the distance between 
the tip of each wing and the opposite side of the inner 
surface of the tubular midstream section is less than 
0.2W, more particularly less than 0.15W. 

20 It will be understood that if the tubular midstream 

vortex generation section has a cylindrical inner surface 
the width W is equal to twice the internal diameter of 
said tubular section and that if said section is oval or 
corrugated that the width W equals the average internal 

25 diameter of said section. 

Alternatively, the wings are mounted on a central 
wing carrier body which extends from a tubular separation 
section through a throat section into a nozzle in the 
tubular inlet section of the separator and comprises in 

30 the region of the throat of the nozzle a profiled section 

having a larger cross-axial surface than the section of 
the carrier body on which the wings are mounted. Thus the 
wing carrier body forms a central mandrel within the 
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nozzle and reduces or eliminates the requirement of a 
throat portion where the tubular inlet section of the 
separator has a reduced internal diameter at the location 
of the nozzle. The width of the nozzle can be adjusted by 
5 moving the carrier body in longitudinal direction though 

the separator housing or by replacing the carrier body by 
another carrier body, which has a different profile in 
the region of the nozzle. 

In this specification and in the appended claims the 

10 terms condensable components and/or condensables are 

intended to encompass components which condense and/or 
solidify at the prevailing local temperatures in the 
interior of the separator. Some condensable components, 
such as water vapour, may either first condensate to a 

15 mist of liquid droplets and then solidify into solid, 

e.g. ice, crystals, whereas other condensable components 
may instantly solidify from a gaseous into a solid phase. 
DESCRIPTION OF A PREFERRED EMBODIMENT 

The invention will be described in more detail and by 

20 way of example with reference to the accompanying 

drawings, in which: 

Fig.l is a schematic longitudinal sectional view of a 
cyclonic fluid separator according to the present 
invention; 

25 Fig. 2 is a cross-sectional view of the cyclonic fluid 

separator of Fig.l taken along line II-II and seen in the 
direction of the arrows; 

Fig. 3 is a cross-sectional view of the downstream end 
of the cyclonic fluid separator of Fig.l taken along 
30 line III-III and seen in the direction of the arrows; 

Fig. 4 is a schematic partially cross-sectional view 
of an alternative embodiment of the cyclonic fluid 
separator according to the invention wherein four delta- 
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shaped' swirl imparting wings are mounted on a central 
wing carrier body; and 

Fig. 5 is a cross sectional view of the cyclonic fluid 
separator of Fig. 4 taken along line V-V and seen in the 
direction of the arrows. 

Referring to Fig.l there is shown a cyclonic fluid 
separator in which a multicomponent fluid mixture passes 
from an upstream inlet section 1 into a throat section 2 
in which the fluid mixture is accelerated to a supersonic 
velocity and thereby expanded and adiabatically cooled 
such that one or more condensable components of the fluid 
mixture condense and/or solidify to liquid droplets 
and/or solid particles. The cooled mixture then flows at 
a supersonic velocity into a tubular midstream vortex 
generation section 3 in which a pair of delta shaped 
wings 4A and 4B are arranged at a sharp angle relative to 
a central axis I of the separator, which wings 4A and 4B 
generate vortices 6A and 6B in the fluid mixtures, which 
vortices 6A and 6B leave the wings 4A and 4B at or near 
the wing tips 5A and 5B. As a result of centrifugal 
forces the fluid near the centers of rotation of the 
vortices 6A and 6B consists of a substantially dry low 
density gaseous phase which is fed into a primary central 
fluid outlet 7. The liquid droplets and-or solid 
particles which have a higher density than the low 
density gaseous phase are centrifuged to the outer 
periphery of the vortices 6A and 6B and may form an 
annular liquid film or slurry 8 at the inner surface of 
the tubular separation section 3 downstream of the 
wings 4A and 4B, which is fed into an annular secondary 
outlet 9 which is separated from the central primary 
fluid outlet 7 by a tubular vortex finder 10. The annular 
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secondary outlet 9 discharges the condensables enriched 
fluid mixture into a secondary fluid outlet conduit 12. 

As shown in Fig.l and 2 the tubular vortex generation 
section 3 has in the region of the wing tips 5A and 5B an 
5 inner width W. 

In accordance with the invention the wing tips 5A and 
5B are each located at a relatively small spacing S, less 
than 0.2W, from the inner surface of the tubular vortex- 
• generation section 3 and at a relatively large mutual 

10 distance D, which is between 0.6 W and 0.99W, and 

preferably between 0 . 8W and 0.98W. The relatively large 
distance D between the wing tips causes that the centers 
of rotation of the vortices 6A and 6B are also located at 
a large distance from each other. The centers of rotation 

15 of the vortices 6A and 6B have a substantially helically 

shape around the central axis I and will gradually 
converge towards the central axis I. It has been found 
beneficial to the separation efficiency of the cyclonic 
separator if the tubular vortex finder 10 in the 

20 downstream separation section 14 has an entrance 11 which 

is located such that the vortices 6A and 6B have not yet 
commingled into a single vortex and if said entrance 11 
has a corrugated shape as illustrated in Fig 3. The 
vortex finder 10 is connected to the downstream end of 

25 the separator housing by a bearing assembly 13, which 

allows the vortex finder 10 to be rotated about the 
central axis I relative to the separator housing. Thus 
the vortex finder 10 may be rotated such that the centers 
of rotation of the swirls 6A and 6B are located near the 

30 centers of the outer lobes 11A and 11B of the corrugated 

entrance 11 vortex finder 10. The rotation of the vortex 
finder 10 may be controlled in response to a measurement 
of the liquid and/or solids content of the fluid 
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discharged via the primary and secondary outlets 7 and 9 
and such that the liquid and/or solids content in the 
primary outlet 7 is minimized whereas the liquid and/or 
solids content in the secondary outlet is maximized. 
5 Fig. 5 shows an alternative embodiment of the 

cyclonic separator according to the invention wherein an 
assembly of four delta-shaped wings 50 is mounted on a 
central wing carrier rod 51. The rod 51 is rotatably 
arranged within a tubular separation section 52 of the 

10 separator and may extend through the throat section -53 

and inlet 54. 

As illustrated in Fig. 5 and 6 the wing tips 55 are 
located a small spacing S from the inner surface of the 
tubular separation section 52 such that the wing tips 

15 widely spaced vortices 56 are generated. These vortices 

swirl helically around and will gradually converge 
towards a central axis V of the separator. A corrugated 
vortex finder (not shown) having four lobes may be 
arranged at the downstream separation section 58 of the 

20 separator such that each vortex enters one of the lobes. 

The vortex finder may be fixedly secured within the 
downstream separation section 58 of the separator and the 
central wing carrier rod 51 may be rotated relative to 
the separator housing to focus the vortices 56 accurately 

25 into the lobes of the corrugated vortex finder. 



30 
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CLAIMS 



1- A cyclonic fluid separator for separating 
condensable, liquid and/or solid components from a fluid 
mixture, the separator comprising an upstream fluid inlet 
section in which the fluid mixture is accelerated to a 
near sonic or supersonic velocity to expand and cool the 
fluid mixture such that one or more condensable fluid 
components are liquefied and/or solidified, a downstream 
separation section in which condensables depleted and 
condensables enriched fluid fractions are separated and 
fed into separate outlets , and a tubular midstream 
vortex generation section comprising a plurality of 
tilted wings having wing tips that are located at a 
spacing S less than 0.2 W from the inner surface of the 
tubular midstream vortex generation section , which has 
an internal width W in the region of the wing tips. 

2. The cyclonic fluid separator of claim 1, wherein the 
separator is designed to be fed with a fluid stream 
containing liquid and/or solid particles and to 
accelerate and cool the fluid stream to near sonic or 
supersonic velocities in the tubular midstream section 
and to remove the cooled particles from the fluid stream 
in a downstream separation section. 

3. The cyclonic fluid separator of claim 1, wherein the 
wing tips are located in a rotational symmetrical 
configuration relative to a central axis of the tubular 
midstream vortex generation section. 

4. The cyclonic fluid separator of claim 2, wherein a 
pair of tilted delta-shaped wings protrude from the inner 
surface of the tubular midstream vortex generation 



WO 2004/020074 Jflfc ^■pT/EP2003/009810 
10 - 10 - 

section in a rotational symmetrical configuration 
relative to the central axis of the tubular midstream 
vortex generation section and such that the wing tips are 
located at substantially diametrically opposite locations 
5 relative to said central axis. 

5. The cyclonic fluid separator of claim 3, wherein the 
distance (D) between the wing tips is between 0.6W and 
0.99W, more particularly between 0.8W and 0.98W. 

6. The cyclonic fluid separator of claim 2, wherein 

10 three tilted delta shaped wings protrude from the inner 

surface of the tubular midstream vortex generation 
section in a rotational symmetrical configuration 
relative to the central axis of the tubular midstream 
vortex generation section and such that the wing tips are 

15 located at angular intervals of substantially 120 degrees 

relative to said central axis. 

7. The cyclonic fluid separator of claim 1, wherein at 
least two delta-shaped wings are mounted at regular 
angular intervals on an elongate wing carrier body which 

20 is substantially co-axial to the central axis of the 

tubular midstream vortex generation section. 

8. The cyclonic fluid separator of claim 2, wherein a 
corrugated tubular vortex finder is arranged within the 
separation section of the separator and a condensables 

25 depleted fluid outlet is connected to the interior of the 

vortex finder and a condensables enriched fluid outlet is 
connected to an annular space between the outer surface 
of the tubular vortex finder and the inner wall of the 
separation section of the separator. 

30 9. The cyclonic fluid separator of claim 7, wherein the 

orientation of the corrugated tubular vortex finder is 
adaptable relative to the central axis of the tubular 
midstream section of the separator. 



WO 2004/020074 




T/EP2003/009810 



10- The cyclonic fluid separator of any preceding claim, 
wherein the wing carrier body extends through a throat 
5 section in the tubular inlet section of the separator and 

comprises in the region of a throat portion of the nozzle 
a profiled section having a larger cross-axial surface 
than the section of the carrier body on which the wings 
are mounted. 

10 11. The cyclonic fluid separator of claim 6, wherein the 

wing carrier body is rotatably mounted within the tubular 
midstream section of the separator. 
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